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Abstract 
Optimal placement and optimal sizing of Distributed Generation (DG) for the sake of reduction in power loss and 
improvement of voltage profile in distribution networks are investigated in this paper. Particle Swarm Optimizat ion 
(PSO) algorithm is used to find out the best location and optimal size of DG. Complete analysis is carried out on 
IEEE 33-bus and IEEE 69-bus radial distribution systems. Each system is considered for two different cases  and 
comparative results obtained will demonstrate the effectiveness of the proposed method as far as placement , sizing 
of DG and minimization of power losses are concerned. 
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1. Introduction 
 
 
Distribution network usually consists of feeders connected in radial fashion. Increase in load and demand leads to 
the development in distribution network, this will further leads to increase in power loss of the system, voltage drop, 
reduction in bus voltage, increase in load imbalance and also results in stability problems. Therefore in order to  
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Nomenclature 
௫ܸ    Voltage magnitude at bus x.  
௬ܸ     Voltage magnitude at bus y. 
ܾ݊    Number of branches. 
ܫ௫    Current injected at node x. 
ܴ௫     Resistance of the section between the buses x and y. 
௫ܺ     Reactance of the section between the buses x and y. 
௫ܲ     Real power flowing out from bus x. 
ܳ௫    Reactive power flowing out from bus x. 
௟ܲ௫     Real power load at bus x. 
ܳ௟௫    Reactive power load at bus x. 
ܲ௟௢௦௦ሺ௫ǡ௬ሻ  Real power loss in the section between the buses x and y. 
ܳ௟௢௦௦ ሺ௫ǡ௬ሻ Reactive power loss in the section between the buses x and y. 
்ܲ ௢௧௔௟ ௟௢௦௦  Total real power loss in the system. 
ܲௗ௚    Injected real power from the DG.  
ܳௗ௚    Injected reactive power from the DG. 
 
overcome these problems introduction of DG’s takes place in the network [1]-[3], also introduction of power 
electronic devices boosts up the use of DG in power generation. [4]. 
 
Now a days, different technologies of DG’s are available in market and few nonrenewable technologies to quote 
are IC engines. Now the trend of using renewable technologies such as solar PV cells, wind, fuel cells etc. has been 
increased in electricity generation, the main reason is they are in-exhaustible resources and eco-friendly. There are 
some disadvantages by using these kinds of system such as low efficiency, high cost etc. [5]-[6], however researches 
have been going on to overcome these difficulties. Based on power injection DG’s can be classified as follows [7]:-  
  
Type-1 injects real power only to the system.  
Type-2 injects both real and reactive power.  
Type-3 injects reactive power only.  
Type-4 injects real power but absorbs reactive power.  
  
Placing DG’s optimally in the network is very important aspect and proper planning has to be done, otherwise it  
leads to further increase in  power loss and voltage instability problems. Many approaches have been made for 
placing DG optimally in the network. Duong Quoc Hung et al. [8] based on loss formula derived a methodology to 
obtain loss reduction as an objective, using analytical approach. Partha Kayal et al. [9] derived the methodology for 
loss minimizat ion and improve voltage profile using PSO technique and this methodology has been tested for 
various test systems. Singh et al. [10] considered objective function as cost min imization to p lace d ifferent DG’s 
using MINLP technique. However studies [11]-[13] shows that if the DG’s are not properly designed reverse power 
flow takes place and it can leads to higher system losses, also GA based approaches has been presented to determine 
proper sizing and placement of DG [14]-[15]. Satish Kansal et al. [16] considered PSO technique for placement of 
different DG’s  optimally. Maruthi Prasanna H A  et al. [17] considered multi objectives as an objective function and 
used PSO in order to place DG’s in the system.  
 
This paper introduces PSO based approach for simultaneous placement of multi DG’s optimally  in  distribution 
network considering power loss minimization and voltage profile improvement as an objective function. 
 
2. Problem Formulation 
2.1 Load flow analysis 
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Forward backward sweep method [18] is used to find power loss and bus voltages at each bus. Single line diagram 
of a sample network is shown in Fig.1. 
 
 
 
 
 
 
 
 
 
Fig.1. Sample distribution system. 
The voltage at node ‘y’ is calculated by using Eq. (1): 
(1) 
 
Current in each line is calculated by using Eq. (2): 
 
(2) 
 
 
Real and Reactive power loss is calculated by using Eq. (3) and Eq. (4).  
 
 
(3) 
 
 
(4) 
 
 
Total active and reactive power loss of the system can be calculated by summing  all the branch power losses and it 
is expressed as given in Eq. (5): 
                                                          (5) 
 
Active power loss minimization is considered as objective function and it is expressed as given in Eq. (6): 
¦  
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Subjected to the constraints:  
 
(7) 
 
(8) 
 
3. Particle Swarm Optimization (PSO) 
PSO technique is introduced in 1995 by Kennedy and Eberhart [19], in  this technique group of swarm (called  
population) is randomly generated and each particle (indiv idual swarm) moves in N-d imensional search space with 
randomly  generated velocity. For each particle, proposed objective function is calcu lated by its position and each 
particle’s position & velocity can be updated by using following equations  Eq.(9) and Eq. (10):  
 
                                                    (9)          
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(10) 
Where                   
 
(11) 
 
 
‘ω’ is inertia weight and modification of current position is done by using Eq. (10).  
Where 
 ܛܓ is current search point. 
 ܛܓା૚ is modified searching point. 
 ܄ܓ is current velocity and ܄ܓା૚ is modified velocity. 
 ܋૚  and ܋૛  are weighing co-efficient. 
 ܚ܉ܖ܌૚  and ܚ܉ܖ܌૛ are random numbers between [0, 1]. ܋૚  =܋૛  =2 and ૑ܕܑܖ =0.4, ૑ܕ܉ܠ =0.9 [20]. 
4. Proposed Work Implementation 
Solving for optimal size & best location of DG, PSO based algorithm has been used and following steps are 
followed for implementation: 
Step 1: Input data such as line impedance, line power. 
Step 2: Calculate voltages at each node and total power loss in the distribution network using forward backward  
            sweep method. 
Step 3: Initialize population size. 
Step 4: Initialize number of particles to be optimized. 
Step 5: Set bus count x=2. 
Step 6: Set generation count y=0. 
Step 7: Generate random position and velocity for each particle. 
Step 8: Calculate power loss for each particle using Eq. (6). 
Step 9: Initialize current position of each particle as ‘Pbest’. 
Step 10: Assign ‘Gbest’ as best amont ‘Pbest’. 
Step 11: Update velocity and position of each particle using Eq. (10) and Eq. (11) respectively. 
Step 12: If generation count reaches maximum limit, go to Step 13 or else increase the counter by one and go      
              to Step 7. 
Step 13: If bus count reaches maximum limit, go to Step 14 or else increase the counter by one and go to  
              Step 6. 
Step 14: Display the results. 
 
5. Simulation Results and Discussions 
5.1. Test system:  
Proposed methodology is tested on different test systems:  
(i) IEEE 33-bus radial distribution network with total load of 3.72 MW and 2.3 MVAr [21].  
(ii) IEEE 69-bus radial distribution system with total load of 3.79 MW and 2.69 MVAr [22].  
Proposed algorithm is developed in MATLAB environment to run load flow, to calculate power losses, to find 
optimal location and optimal size of DG units. 
 
5.2. Premises and constraints: 
The following data’s are considered as constraints : 
(i) The lower and upper voltage limits for the voltages are set to 0.9 pu and 1.05 pu respectively. 
(ii) Maximum penetration of DG is considered as 100% and maximum number of DG’s considered is 
three. 
1k
pV*
k
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5.3. Type 1 DG placement: 
 
5.3.1. IEEE 33-bus radial distribution system: 
 
Table 1 shows the simulat ion result for DG p lacement and total power loss reduction; Table 5(a) shows 
minimum and maximum voltages for the given system at different cases. From the above mentioned tables , it is 
inferred that power loss will be 210.99 kW and minimum voltage is 0.9038 pu at bus 18 for without DG. Placing 
single DG at bus 6 in the network yields 47.39 % reduction in power loss and minimum voltage will be 0.9428 pu at 
bus 18. Placing two DG’s  simultaneously yields 56.73 % reduction in power loss and placing three DG’s 
simultaneously yields 64.68 % power loss reduction. Fig.2 (a). shows voltage profile at different buses for various 
number of DG’s in the network. 
 
Table 1: Simultaneous placement of Type-1 DG for 33-bus system. 
 
Case 
Installed DG 
kW at bus 
Total DG Size 
(kW) 
Power loss (kW) Loss reduction (%) 
 Base Case ----- ------ 210.99 ----- 
 
1 DG 
 
2589.6 (6) 
 
2589.6 
 
110.99 
 
47.39 
 
2 DG 
 
1898.7 (6) 
649.9 (14) 
 
2548.6 
 
91.30 
 
56.73 
 
3 DG 
 
691.0 (14) 
986.1 (24) 
1277.3 (29) 
 
2954.4 
 
74.09 
 
64.88 
5.3.2. IEEE 69-bus radial distribution system: 
 
Simulation results for DG placement, power loss reduction at different buses, min imum and maximum voltages 
for the given system are tabulated in tables 2 and 5(b) respectively. Without DG power loss will be 224.92 kW and 
minimum voltage is 0.9092 pu at bus 65. Optimally placing single DG in  the network contributes 63.02 % reduction 
in loss, 83.17 kW power loss and minimum voltage is 0.9683 pu. Placing two DG’s simultaneously yields 68.01 % 
reduction in power loss and placing three DG’s simultaneously yields 68.92 % power loss reduction. Fig.2 (b). 
shows the voltage waveforms at different buses. 
 
Table 2: Simultaneous placement of Type-1 DG for 69-bus system. 
 
Case 
Installed DG 
kW  at bus 
Total DG Size 
(kW) 
Power loss (kW) Loss reduction (%) 
Base Case ----- ------ 224.92 ----- 
 
1 DG 
 
1872.5 (61) 
 
1872.5 
 
83.17 
 
63.02 
 
2 DG 
 
477.4 (18) 
1866.1 (61) 
 
2343.5 
 
71.96 
 
68.01 
 
3 DG 
 
501.2 (11) 
482.2 (18) 
1770.4 (61) 
 
2753.8 
 
69.89 
 
68.92 
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5.4. Type 2 DG placement: 
 
5.4.1. IEEE 33-bus radial distribution system: 
 
Table 3 shows the simulat ion result for DG p lacement at d ifferent buses and power loss reduction; Table 6(a) 
shows minimum and maximum voltages. From the above mentioned tables, it is observed that placing single DG 
yields 67.84 % reduction and min imum voltage is 0.9583pu at bus 18, placing two DG’s simultaneously yields 
80.65 % reduction and minimum voltage is 0.9820 pu at bus 25 and placing  three DG’s yields 90.70 % reduction in  
power loss and min imum voltage is 0.9864 pu at bus 18. Fig.3 (a). shows voltage profile at d ifferent buses for 
various number of DG’s in the network. 
 
Table 3: Simultaneous placement of Type-2 DG for 33-bus system. 
 
Case 
Installed DG 
kW/kVAr at bus 
Total DG Size 
(kW/kVAr) 
Power loss (kW) Loss reduction (%) 
Base Case ----- ------ 210.99 ----- 
 
1 DG 
 
2558.2/1761.1 (6) 
 
2558.2/1761.1 
 
67.86 
 
67.84 
 
2 DG 
 
1171.2/188.1 (11) 
1095.4/1667.0 (30) 
 
2266.6/1855.1 
 
40.82 
 
80.65 
 
3 DG 
 
537.8/597.3 (13) 
1058.9/832.9 (24) 
967.7/832.6 (30) 
 
2564.4/2262.8 
 
19.63 
 
90.70 
 
Table 4: Simultaneous placement of Type-2 DG for 69-bus system. 
 
Case 
Installed DG 
kW/kVAr at  bus 
Total DG Size 
(kW/kVAr) 
Power loss (kW) Loss reduction (%) 
Base Case ----- ------ 224.92 ----- 
 
1 DG 
 
1832.4/1283.8 (61) 
 
1832.4/1283.8 
 
23.14 
 
89.71 
 
2 DG 
 
844.7/554.8 (12) 
1691.5/1260.3 (61) 
 
2536.2/1815.1 
 
8.62 
 
96.17 
 
3 DG 
 
707.1/381.7 (11) 
256.0/238.8 (21) 
1875.2/1085.9 (61) 
 
2838.3/1706.4 
 
6.56 
 
97.08 
 
5.4.2. IEEE 69-bus radial distribution system: 
 
Simulation results for DG placement, power loss reduction at different buses, min imum and maximum voltages 
for the given system are tabulated in tables 4 and 6(b). From the tables it is observed that placing single DG yields 
89.71 % reduction, p lacing two DG’s simultaneously yields 96.17 % reduction and placing three DG’s y ields 97.08 
% reduction in power loss and minimum voltage is 0.9943 pu at  bus 50. Fig.3 (b). shows voltage values at different 
buses for different cases. 
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Table 5: Min. and Max. bus voltages for Type-1 DG; (a) for 33-bus system; (b) for 69-bus system. 
(a)  (b) 
Case Min. Voltage at bus Max. Voltage at bus  Case Min. Voltage at  bus Max. Voltage at bus 
Base Case 0.9038 pu at 18 1 pu at 1  Base Case 0.9092 pu at 65 1 pu at 1 
1 DG 0.9424 pu at 18 1 pu at 1  1 DG 0.9683 pu at 27 1 pu at 1 
2 DG 0.9543 pu at 33 1 pu at 1  2 DG 0.9815 pu at 65 1 pu at 1 
3 DG 0.9681 pu at 18 1 pu at 1  3 DG 0.9812 pu at 65 1 pu at 1 
 
Table 6: Min. and Max. bus voltages for Type-2 DG; (a) for 33-bus system; (b) for 69-bus system. 
(a)  (b) 
Case Min. Voltage at bus Max. Voltage at bus  Case Min. Voltage at  bus Max. Voltage at bus 
Base Case 0.9038 pu at 18 1 pu at 1  Base Case 0.9092 pu at 65 1 pu at 1 
1 DG 0.9583 pu at 18 1.0015 pu at 6  1 DG 0.9725 pu at 27 1 pu at 1 
2 DG 0.9820 pu at 25 1.0149 pu at 30  2 DG 0.9896 pu at 27 1.0011 pu at 61 
3 DG 0.9864 pu at 18 1.0016 pu at 24  3 DG 0.9943 pu at 50 1.0057 pu at 61 
 
 
(a)                                                                                                                    (b) 
 
Fig.2. Voltage profile for Type-1 DG placed simultaneously. (a) for 33- bus system; (b) for 69-bus system. 
 
(a)                      (b) 
 
Fig.3. Voltage profile for Type-2 DG placed simultaneously. (a) for 33- bus system; (b) for 69-bus system. 
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6. Conclusion 
In this paper PSO based approach is presented for mult i DG placement for loss reduction and voltage profile 
improvement. Appropriate size and optimal placement of DG’s  in  the system will considerably reduce the power 
loss in the system. Type-2 DG’s which in ject both real and reactive power will reduce more power loss than Type-
1for same number of DG p lacement. The proposed method is effective for loss reduction and voltage improvement. 
It also improves the voltages at tail end nodes.  
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